Abstract. Controlling the morphology of inorganic nanomaterials attracts more and more attention, due to the influence of morphology on the material properties and application. The nanostructures of nickel oxide (NiO) has attracted great interest because of its unique physical and chemical properties for a broad range of applications. A novel and facile synthesis route for the manufacture of octahedral nickel oxide nanoparticles is reported, utilizing nickel chloride as the inorganic source by the solvothermal method in an environmentally benign alcohol-water mixture. X-ray powder diffraction (XRD), the Brunauer-Emmett-Teller method and scanning electron microscopy (SEM) were used to characterize the as-prepared nickel oxide products. The possible formation mechanism of the octahedral nickel oxide nanoparticles was discussed.
Introduction
There has been increasing interest in the controlled synthesis of inorganic micro-and nanostructures, and in current material synthesis, the ability to tune the structure, size and morphology of inorganic materials is an important goal, and. The nanostructured nickel hydroxide and nickel oxide arouse increasing attention for unique physical and chemical properties. As a p-type semiconductor with unique optical and magnetic properties, nickel(II) oxide (NiO) is a promising material with potential applications in electrochromic windows [1] . NiO is also a valuable semiconductor, catalytic and antiferromagnetic material used in different fields, for instance, photocatalysis [2] , dye-adsorbed NiO solar cells (pDSCs) [3] , pseudocapacitor [4] , sensors such as non-enzymatic glucose sensor [5] .
NiO has attracted great interest because of its favorable physicochemical properties. Especially, due to the large chemical and thermal stability, nanostructured NiO, shows great promise for the use in energy conversion applications. There are several reports on the pseudocapcitive performance of different NiO based nanostructures, such as nanowires [6] , nanocolumns [7] , nanoballs [8] , nanotubes [9] and etc. Furthermore, a facile method is used to synthesize NiO microspheres with different nanoscale building blocks via a hydrothermal route [10] . The porous NiO nanocolumns and nanosheets are obtained by the calcination of the Ni(OH)2 nanocolumns [11] . NiO nanodiscs and nanoflowers have been synthesized through non-basic solution eco-routes [12] .
For the synthesis of nickel oxide nanoparticles, some mild and environmentally benign methods become more and more important. It has been reported that single-crystalline hollow NiO crystals with well defined octahedral morphology were synthesized by using a template-assisted carbothermal method [13] . Recently, by solution combustion method, octahedral nickel oxide nanoparticles were synthesized [14] . By a simple hydrothermal technique, NiO powders with a spherical morphology were synthesized using organic surfactants as templates and urea as the hydrolysis controlling agent [15] . In this study, the octahedral nickel oxide nanoparticles have been prepared through the facile solvothermal route in an environmentally benign alcohol-water mixture. The growth mechanism of the octahedral nickel oxide nanoparticles was also investigated.
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Experimental Section

Materials
Triblock copolymer Pluronic F-127 (EO106PO70EO106, MW=12600, product no. P2443-250G) was purchased from Aldrich and used as received without further purification.
Synthesis of NiO
In a typical experiment, isotropic solutions were prepared by dissolving Ni(NO3)2·6H2O or NiCl2·6H2O (0.1 mol) and block copolymer F-127 (EO106PO70EO106) (0.9 g) in EtOH (23 mL), H2O (20 mL) and 26-28% NH3·H2O (4.5 mL). The solution was stirred at 70 ℃ for 1h, then it was transferred into a Teflon-lined stainless steel autoclave and heated at 150 ℃ for 16 h. To remove the surfactant, the as-prepared products were washed with water, and then the sample was dried and calcined at 450 ℃ for 4 h (1 ℃ min-1 under air).
Characterization
The crystalline phase and orientation of products were identified by X-ray diffraction (XRD) on a Rigaku D/MAX-Ultima III X-ray diffractometer with Cu Kα radiation (λ = 0.154 nm, 40 kV, 40 mA) and a scan rate of 10 °·min-1. The microstructure of the as-prepared products was characterized by a field emission scanning electron microscopy (FE-SEM, S4800, Hitachi Ltd.) with an electron accelerating voltage of 15 kV. The specific surface area of the as-prepared NiO powders was obtained on a Micromeritics TriStar 3000 instrument and the Brunauer-Emmett-Teller (BET) equation was used to calculate the specific surface area. Fig. 1 shows the structural characteristics of the sample prepared through the solvothermal route by using nickel chloride in the starting solution investigated by XRD. The diffraction peaks typical to NiO are clearly observed, which agree with those of standard NiO of cubic structure (JCPDS Card No. 47-1049). There are no other peaks observed in the XRD result except for the diffraction peaks of NiO, which means single-phase NiO can be obtained route in this system through the solvothermal route. Fig. 1 XRD pattern of the product calcined at 450 ℃ synthesized by using NiCl2·6H2O as precursor.
Results and Discussion
The morphology of the as-prepared NiO sample was characterized by FE-SEM and the images are shown in Fig. 2. From Fig. 2 , the low-magnification SEM image (see Fig. 2a ) of the as-prepared NiO through solvothermal method by using NiCl2·6H2O as precursor shows a uniform octahedral morphology in a large range. The octahedral structure of the as-prepared NiO sample can be clearly observed by the high-magnification SEM image (see Fig. 2b ). The BET surface area of the as-prepared NiO sample 5.02 m2 g-1. Fig. 2 SEM images of the product calcined at 450 ℃ synthesized by using NiCl2·6H2O as precursor. Fig. 3 shows the low-and high magnification SEM images of the as-prepared NiO by using Ni(NO3)2·6H2O in the starting solution. From Fig. 3a , the low-magnification SEM image shows the NiO particles morphology. From Fig. 3b , the high-magnification SEM image shows the morphology of the NiO particles is plate-like shape. In principle, in a crystal growth process in solution, the nucleation and growth are affected by the intrinsic crystal structure and the external conditions including the kinetic energy barrier, time, temperature, capping molecules and etc. Due to the same synthesis condition, the existence of Cl− in the starting solution may be the main effect for the preferential adsorption on some specific face to stabilize non-equilibrium morphologies by changing the relative growth rates of different crystal. It has been reported that smallest-sized Cl− ions with a prominent complexing ability can be easily grafted on the α-Ni(OH)2 nuclei and lower their surface energy [16] . Thus, the formation of octahedral NiO in this system may be attributed to the adsorption of Cl− on some specific face.
Conclusions
In summary, octahedral NiO is synthesized through solvothermal route using nickel chloride as the inorganic source in an environmentally benign alcohol-water mixture. The growth mechanism of octahedral NiO has been investigated. It is supposed that the formation of octahedral NiO may be attributed to the adsorption of Cl− on some specific face. NiO with the octahedral structure may be used in many ways such as the solar cells.
